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TEMPORAL VARIATIONS IN ANNUAL PRODUCTION
AND BIOMASS IN ESTUARINE POPULATIONS OF TWO
POLYCHAETES, NEPHTYS HOMBERGI AND
AMPHARETE ACUTIFRONS
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Institute for Marine Environmental Research, Prospect Place, The Hoe, Plymouth
(Figs. 1-2)
The annual production (P) and mean annual biomass (B) of two species of polychaete,
Nephtys hombergi and Ampharete acutifrons, have been estimated over a 5-year period,
from October 1972 to October 1977, in the estuary of the River Lynher, Cornwall. Fo£
Nephtys, P varied between 600 g dry wt.m~2 in 1973 and 2-84 g.m~2 in 1977, and B
between 4-76 g.m"2 in 1976 and 3.21 g.m~2 in 1975. The PJB ratio varied between 1-42
in 1973 and o-8i in 1977. Over the period of study the P/B ratio gradually declined as a
result of reduced recruitment which resulted in a higher proportion of older year-classes
in the population. In Ampharete, P varied between 12-54 g-rn~2 in 1976 and 0-12 g.m"2
in 1977 and B between 229 g. m~2 in 1976 and 0-03 g. m~2 in 1977, a much larger variation
than in Nephtys. However, the P/B ratio was more stable than for Nephtys, varying
between 5-47 in 1976 and 4-00 in 1977: because Ampharete is an annual species the P/B
value is not dependent on the balance of year-class strengths as in Nephtys. The vari-
ability of these values is discussed in relation to the reproductive biology and longevity of
the two species.
INTRODUCTION
Production rates and production/biomass ratios have been estimated for a large
number of macrobenthic species (Hargrave, 1977; Robertson, 1979). The usefulness of
such estimates is limited by a lack of information on their temporal and spatial stability;
we are aware of only one study (Sarvala, 1980) in which production has been estimated
for more than one year. The present study investigates the stability of the production
(P), biomass (B) and P/B values of two polychaete species, Nephtys hombergi Savigny
and Ampharete acutifrons (Grube), over a 5-year period.
M E T H O D S
Samples were collected from the same site and by the same method as described by Warwick &
Price (1975). Data from this earlier study have been re-calculated to form the first year of the
present study. At this site in the Lynher Estuary, Cornwall, UK, the salinity varies from around
32%O in the summer to around 8%0 in winter and the sediment is soft, composed of silt and clay.
Five o-i m2 macrofauna samples, sieved at 05 mm, were collected every April and October
from October 1972 to October 1977. The highly labour-intensive sorting, counting, measuring and
weighing of specimens to provide production estimates have been mininized by assuming that the
basic shape of the growth and mortality curves derived in our 1975 paper remained the same in
subsequent years.
As with the earlier study, the biomass of each year class of Nephtys hombergi was determined
from size-frequency histograms and from maximum body width to weight relationships established
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for each sampling month. Cohorts were separated, not allowing for overlap, by visual inspection of
the histograms. Warwick & Price (1975) separated this population into three cohorts but suggested
that the group of larger animals might contain more than one year-class; this was subsequently
confirmed by Olive (1977) for a population in N.E. England. In the present study it is assumed that
there are four year-classes; the first two are generally distinct and the second two have been
separated at a maximum body width of 2-6 mm throughout.
The biomass of Ampharete acutifrons, which at this site is an annual with only one year-class
present, was established by bulk weighing of all worms combined. However, no Ampharete were
found in the October 1976 sample and in order to provide a growth term for the production
calculation it was assumed that they would have attained the average individual weight of animals
from the October samples in other years.
Using the smoothed growth and mortality curves for both species for a single year given in
Warwick & Price (1975), we have expressed each monthly point in terms of the adjacent October
and April values, i.e. as a percentage of the difference between the two months added to the smaller
value. The expression thus derived was then used to interpolate monthly values between successive
sampling dates to give a series of curves of the same form as the original over the whole 5-year
period. Annual production and mean annual biomass were calculated from these curves using the
method described by Crisp (1971, p. 220). However, the size-overlap between cohorts of Nephtys
from the 2+ cohort onwards precludes analysis into year classes (Olive, 1977); it was therefore
assumed that the animals in this group grew uniformly each year with respect to body width,
approximating the growth model in Warwick & Price (1975), and that an animal with a maximum
body width of 2-6 mm would grow to 42 mm width in 1 year. Thus the smallest animal in the
oldest year class would grow to maximum size in one year. Increase in weight per unit time so
derived was combined with the size frequency data to compute production values for this group.
Annual production of Nephtys was calculated from October to October and that of Ampharete
for each calendar year (January-January).
R E S U L T S
Nephtys hombergi
Size-frequency histograms for Nephtys are presented in Fig. 1. Growth and mortality
were apparently similar each year for each cohort (Fig. 2); differences in the form of
these histograms are the result of variations in annual recruitment. Recruitment com-
mencing in October 1972 and reaching its peak in April 1973 w a s high, but in the follow-
ing year it was lower and in the subsequent two years very low. In October 1976 and in
April 1977 recruitment increased and there were indications of a large recruitment in the
October 1977 samples, which were subsequently confirmed by more limited sampling
the following year.
Table 1 shows the annual variation in production, biomass and P/B ratios for Nephtys.
The P/B ratios for the ' o ' group and ' 1 + ' group remained fairly stable. The ratios are
not quoted for older animals as the assumed growth model invalidates yearly comparisons.
The P/B ratio of the population as a whole gradually declined from 1-42 to o-8i during
the 5-year period, largely due to reduced recruitment in later years, resulting in an age
distribution biased towards older animals.
Ampharete acutifrons
Recruitment and mortality of Ampharete were rather similar in the first 3 years (Fig.
2), with densities in April of 1400, 2442 and 1824 m~2 respectively and in October of
80, 60 and 130 m-2. In 1976 there was a large recruitment, the density in April reaching
8996 mr2, followed by a dramatic mortality so that no animals were found in the October
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Fig. 1. Size frequency histograms for Nephtys hombergi, October 1972 to October 1977.
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Table l. Estimated production (P), biomass (B) and P:B ratio for Nephtys hombergi from
October 1972 to October 1977
Period o group 1 group Remainder Total
Oct. 1972 to Oct. 1973
Oct. 1973 to Oct. 1974
Oct. 1974 to Oct. 1975
Oct. 1975 to Oct. 1976
Oct. 1976 to Oct. 1977
P B P:B
327 i-ii 2-95
2-17 0-84 2-58
1-20 O'39 311
1-51 065 233
129 0-44 293
B P:B
159
133
1-17
149
0-58
1.13
142
129
125
0-74
141
094
090
119
0-79
113
095
0-79
093
0-97
B
198
1-72
1-54
2-87
231
B P.-B
600
4'45
316
392
2 84
423
398
321
476
3 49
1-42
112
098
0-82
o-8i
Nephtys hombergi
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Fig. 2. Recruitment/mortality and growth curves for Nephtys hombergi and Ampharete acutifrons
over the period from October 1972 to October 1977.
Table 2. Estimated production (P), biomass (B) and P:B ratio for Ampharete acutifrons
from January 1972 to January 1977
Period P B P:B
Jan. 1972 to Jan. 1973
Jan. 1973 to Jan. 1974
Jan. 1974 to Jan. 1975
Jan. 1975 to Jan. 1976
Jan. 1976 to Jan. 1977
2 40
2 3 4
2 1 5
12-54
0 1 2
0-47
0-50
0-50
2 9 1
0 0 3
5-14
4 8 1
433
5-47
4 0 0
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samples. The following year recruitment was very poor with only 46 animals m~2 in
April, but mortality was rather slight so that 10 m~2 remained in October. Limited
sampling in 1978 showed partial recovery to about 1000 m~2 in April.
The biomass and production values for Ampharete (Table 2) also showed considerable
yearly variation, but the P/B ratio remained relatively stable, varying only between
4-00 and 5-47.
DISCUSSION
Estuarine mud-flats present a rigorous environment in terms of fluctuating temperature
and salinity, and instability of the sediment surface, which result in low species diversity
and reduced interspecific competition. The resulting simple community will not be
unstable a priori (Moore, 1977) since a number of stabilizing mechanisms may be in
operation (Murdoch & Oaten, 1975). However, much of the enviroment variability in the
Lynher estuary is erratic rather than predictable, so that the community structure
(in the sense of Margalef, 1963) is destroyed 'because the predictability upon which
evolution of genetically controlled patterns of growth, feeding and reproduction must be
based is diminished' (Green, 1969). Lowered diversity and consequent instability of the
food-web (MacArthur, 1955) wiU further enhance the population response to erratic
environmental variability. In this paper we compare the stability in biomass and
production of two polychaetes with very different strategies of growth, feeding and
reproduction.
Nephtys liberates large numbers of larvae into the plankton in early summer (Warwick
& Price, 1975; Olive, 1977) and there is evidence that settlement and early growth occur
in the sublittoral, the young animals subsequently migrating up the shore (Warwick &
Price, 1975). A single generation may release larvae for three consecutive years (Olive,
1977), smoothing the effects of between-year variability in settlement. Planktonic
dispersal and adult mobility also allow re-seeding of depleted areas. The burrowing
habit of this species may afford some protection from predation and short-term environ-
mental stress, although even the older year-classes, which burrow deepest, probably
come to the surface to feed. This species is regarded as a broad-spectrum omnivore,
unicellular algae forming a large proportion of its diet (Warwick, Joint & Radford,
1979).
The life-cycle of Ampharete is less well known. It is an annual species at this site,
spawning in the autumn, although three cohorts have been found to co-exist at a sub-
littoral site in Swansea Bay (Warwick & George, 1980). This species is sedentary and has
a benthic larva (Thorson, 1946) so that its dispersive capability is severely reduced.
Being confined to the mud surface, it is more susceptible to predation and it is the
principal food of flounders in spring and summer. This species is regarded as a surface
deposit-feeder.
These differing life-histories have produced a greater variability in the density of
Ampharete than of Nephtys. It should be noted that production of Ampharete varied by
a factor of x 105 over this 5-year period whereas in Nephtys it only varied by a factor of
x 2. However, the P/B ratio of Ampharete was more stable than for Nephtys: the former
varied by a factor of x 1-2 and the latter by a factor of x 1-7. The higher variation in the
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P/B ratio for Nephtys can be attributed to a change in the relative abundance of different
year-classes: towards the end of this study the smaller settlements resulted in an ageing
population, consequently reducing the overall P/B ratio. Ampharete had a more stable
P/B ratio because this value was not dependent on the balance of year-classes.
The high correlation (r = 0-91) between the densities of Ampharete in each October
and the following April suggests that, in contrast to Nephtys, settlement success is
mainly dependent on the number of adults reaching maturity at the same site in the
previous generation, a reflexion of the absence of dispersal mechanisms in this species.
Growth and percentage survival of Ampharete appear to be inversely related to April
densities, perhaps as a result of resource limitation and density-dependent predation
effects. In view of the heavy predation pressure, it is unlikely that this species could
sustain a life-cycle longer than one year at this site.
The stable biomass and production values for Nephtys may be attributed to its disper-
sive strategy (evening out the effects of local spawning failures), its successive spawnings,
its predator escape mechanism (burrowing) and its (probably) catholic diet.
Apart from a coincidence of abnormal recruitment and mortality of Ampharete with
the hot dry summer of 1976, we could find no obvious relationships between variability
in these polychaetes and the monthly means of climatic data (air temperature, sunshine,
rainfall). Climatic effects on such populations are more likely to take the form of short-
term catastrophic events, which will not be evident from monthly means.
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